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 A Ȉˋ1ƖőčȢȈƼ0¼ˋ1 65 Ǌ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             

  
                        
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 A Ȉˋ1ƖőčȢȈƼ0¼ˋ1 65 Ǌ1ŤɊ, ˲Ļɚ˅ȭ½ɃƄɪ˰ TKA ˱Ļ
ɚ˅ȭÛˢɃƄɪ˰ UKA ˱ĻɎ˅ȭ½ɃƄɪ˰ THA ˱ɕƽċšȇŤ0į"EůɪHĢ
 +EŤɊ- ƴșȦ71űʋŗCF& 49 ìHįʑ- &ʉƺ0&)+2
Ǔ×1ɿçŗCF&ŤɊ- & 
ƴșȦ,2ɞŔȟȷǘÔ0Œ˚Há:"1ɑƧH?*ŤɊHˌčįʑ- &!
ʲƙɦH¿ƭ +EŤɊɗɨȬȇŤŤɊ˰ɞŔȟȷːĨHð"Eąê ˱Ñ+șȦ
Ɋ1źȜ0Ŗ-ü˔,EŤɊ˰ ʄȗȉ-ʀƙF+EŤɊ/. H˱ˌčįʑ- 
& 
˶˴ʉƺ¿ĪB5a[ãˑƚǖ 
ʉƺƱ˄2ŃŬ 25 ń 7 ƫCŃŬ 26 ń 11 ƫ;,1˄1 11 ƫ,)&ɪŕ$Iė
2ʩŁɪŕ 13 ƞ0ʚE 4)-F+E&>ʉƺHɩƞƕ2ɪÍ1 1 ƞ-ɪŐƞ
B5ɪŕ 3 ƞ˄- & 
˵˱ɞŔȟȷǘÔ˺śŸċÔ˰HRV: Heart Rate Variability˱ 
 lP\˕Ĝś˕ɺ FX-8222 HǼ+ʅı1ś˕ýɼʿC R–R ˄ˎHǣĢ &ƴș
Ȧ,2 5 Ä˄˰200 Ÿ˱ś˕ýHăǦ-"EȘƤ˄śŸċÔHǼ+ACǷʑH˫òǗ
ŬÄ˰HF: high-frequency component,˽0.15Hz˱-¡òǗŬÄ˰LF: low-frequency component. 
0.040.15Hz˱1òǗƕ0Ä+WpPbzÄƸHɩ)&WpPbz1ɺȫ02Fast 
Fourier Transform˰FFT˱HǼ&˰LabVIEW, National Instruments, Tokyo, Japan˱ƴ
 9 
șȦ,2ɪŕŤɊ1ʟ£ȎȯȟȎʒŷHƪĲˊ0"E&>˄ǇȎǣĢǖHǼ&ș
ȦɊ2ŤɊ1ȈĦH 1 ƞ0 2 ú10:00 - 20:00 0ɽ÷ &ǣĢ2ŤɊ1ɞĦ,ɩǎ
úȲ 15 Ä1Ġ˖ɜŅŕ0ɜ 0+ǣĢ &/ǣĢ1 3 Ƥ˄ÍC2MlLK~1¼
)&˦<ǳ1Ɗä2ƀ˥ HƊ)+C 2 Ƥ˄+ǣĢ,EBʉƖ &;&
śɛʧʙȟȷǘÔHŨȟȷǘÔCÄ˓ +ʂª"E&>0óïƕ 9 ú/Ä˰
Ũȟȷ1ʯçɒòǗƕˊȁ,E 0.15Hz ˱,E-HȚʄ /Cɩ)&ǣĢ
0ˏ ǐǢǤŇ2ˋ¿Ǻć0Ǧ!˙ǯŇ2ǎúǣĢ ,EˊDĢ0/EBʶ
ūH & 
 LFHF 1a[2ǈɲÄľ,2/&>ɞǮįƕ˰ln˱0ċƄ &a[HÄƸ0Ǽ
&LF ŬÄ2ÏŨȟȷǘÔ-ŨȟȷǘÔ1ɊHâƢ HF ŬÄ2ÏŨȟȷǘÔ
HâƢ"E 16)?1- &/ƪĐ³˰Ńā³ "˱ ƪĲ³˰Ńā³˱0BDƪĐċÔ³H
ǒ>ċÔłHȜ & 
˶˱ŤɊɑƧ 
 $Iė1ƬǬB5ʺȉŇ1ʂª02ƞƴʆǱe]u±ǝʾ˰J-NCS˱WRz
HǼ& 19)åŹ(ȔʏĿƾǢƤ1SrveRUw~/.ƞŁ1ȔʏRJHʩ 
+ʂª &Ñ+ȖȕǥʜŇB5ɪŕȆȊ2ɳɴJd|QWRz˰Visual Analog 
Scale˺VAS˱HǼ+șȦɊʂª &ȖȕǥʜŇ1ʂª2 10:00 0ɪŕȆȊ1ʂª
2 10:00 - 20:00 0ɩ)& 
 ŤɊ1ńˮšÇƝœǋʀƙìɪŌɨǛa[1ťĄ2ʀȋʿCŗ& 
˷˴a[ÄƸƚǖ 
 ɪŕ1 HRɞŔȟȷǘÔ1ȷƤȎ/ċÕ1ƾɻ02âřǣĢÄƒÄƸ˰F ³˱HǼ
&âřǣĢÄƒÄƸ,2Mauchly 1Ǹ˘šƾĢHɩƬŦ,)&ąê02
Greenhouse-Geisser ¯ǈ0BEƾĢHɩ)&ŕ`Wb02 Tukey ƾĢHǼ&ɺȫ0
2 SPSS Statistics 21˰IBM Corp., Armonk, NY, USA˱H¦Ǽ ƬŦǑǦ2 5˯- & 
˸˴´ǹȎʶū 
 ƴșȦ2ȟŮĐĞĐĞˋ­¶ĞșȦȢ´ǹěõ1űʄHŗ+ɩ)&˰ űʄȃè 2˺27 ˱
m|bSz2nzU~Oĥɹ0Ŗ)+¤Ŭ &ʉƺįʑɊ02ŷŐ×1ɿçHŗ&ŕ
įʑɊ0șȦɊƗƩ/C50æ˞0+șȦ1ȑȎʉƺƚǖ0*+ʇơ &ƴʉƺ
71ëŦŗCF&ąê2yfjy@ƾƺ/.ŤɊ1Ǔȋ1ę0/C/BåŹ
(ȔʏĿ-ʉƖH &,ʉƺHɩ)&






 10 
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˵˴įʑɊ1ɑƧ 
įʑɊ1ɑƧ2ɫ 1 0Ȝ &ʉƺƱ˄0Ǔ×1ɿçŗCFʉƺ1ëŦŗC
F&12 49 §,)&49 §1(1(ȰķȈ 4 §ǆƉ³1EɊ 13 §Hˌ&
32 §HÄƸįʑ- &įʑɊ1ńˮ2 74.45.7 Ǌ˰Ńā³ǃǦµļ ˱šÇ2Ȁš 9
§ĕš 23 §Body Mass Index˰ BMI˱2 24.83.0 /˾2,)&½įʑɊ1(
$IėƬD-ÆƙF&12 3 §,)&½įʑɊˀȊɦ1ĢƱÂƚHå+& 
˶˴ƖőčȢɪŕ˫ˮŤɊ1śŸƕ-ɞŔȟȷǘÔ1ȷƤȎċÕ 
 ƖőčȢɪŕ˫ˮŤɊ1śŸƕ˰  HR -"E -˱ɞŔȟȷǘÔ1ȷƤȎċÕHɫ 2 0
Ȝ & 
HR 2ɪÍď˰65.67.4 bpm˱CɪŐƞď˰73.010.8 bpm˱0+Ơ %
1ŕAE@/ƠHȺɪŕ 2 ƞȑď˰79.612.4 bpm˱0ƪĐ³-/D%1ŕA
E@0ˉ +&ɪÍCɪŕ 3 ƞ˄1Ʊ˄0+ƬŦ/ȷƤȎċÕʄ>CF
˰F˼25.592, p<0.001 ˱ůɪÍ0Ǐ8ɪŐƞďCɪŕ˷ƞȑď;,ƬŦ0˫³,)&
˰p<0.001 ˱lnLF 2ɪÍư˰4.41.2 ms2˱CɪÍď˰4.91.3 ms2˱0+Ơ 
ƪĐ³-/)&ŕɪÍBD?¡³,Ǆ30Ɓȣ +&ɪÍCɪŕ 3 ƞ˄1Ʊ
˄0+ƬŦ/ȷƤȎċÕʄ>CF˰ F˼4.151, p<0.001 ˱ɪÍď0Ǐ8ɪŕ 1 ƞȑư
Cɪŕ 3 ƞȑď;,ƬŦ0¡³,)&(p=0.001˿0.028)lnHF 2ɪÍư˰4.51.3 
ms2˱CɪÍď˰4.91.4 ms2 ˱0+Ơ ƪĐ³-/)&-ɪÍBD?¡³
,Ǆ30ȷʭ +&ƬŦ/Ơ@ˉ2ʄ>CF/)&˰F=1.401, p=0.197 ˱ 
˷˴ư-ď0EśŸƕ-ɞŔȟȷǘÔ1ċÕ 
 ư-ď0EśŸƕ1ċÕHý 1 0Ȝ &HR 2ưď-?0ɪÍ0Ǐ8+ɪŕ2Ƭ
Ŧ0˫³,)&˰p<0.001 ˱ 
 ư1 lnLF 2ɪÍCɪŕ0+1ƬŦ/ċÕ2ʄ>CF/)&  ď1
lnLF 2ɪÍ0Ǐ8+ɪŕ 1 ƞȑď˰p=0.003 ˱ɪŕ 2 ƞȑď˰p<0.001 ˱ɪŕ 3 ƞȑď
˰p=0.001˱,ƬŦ0¡³,)&˰ý 2 ˱lnHF 2ưď-?0ɪÍCɪŕ0+1
ƬŦ/ċÕ2/)&
 
ɉ ĭ 
 
 ɪŕ$Iėȍȉˇ0ÓƹȎ/ȔʏƍƇƚǖHƾɻ"E&>1ăța[HŗE&>
ƖőčȢɪŕ˫ˮŤɊHįʑ0 HR -ɞŔȟȷǘÔ1ȷƤȎċÕ0*+ƾɻ &%1
ȸƹůɪ«ɮ0BD HR 2ɪÍ0Ǐ8ɪŐƞďCɪŕ 3 ƞȑ;,ƬŦ0˫³0/E
-ɞŔȟȷǘÔ2ư2ɪÍCɪŕ0+1ċÕ2/ď2ɪÍ0Ǐ8ɪŕ 1 ƞ
ȑCɪŕ 3 ƞȑ;,ƬŦ0¡³0/E-ơC0/)& 
 11 
HR 2ɪÍ0Ǐ8ɪŐƞďCɪŕ˷ƞȑ;,ƬŦ0˫³,)&§GMï¾ª¡+ 
ē ÐJ¡ÐÌjĔñî¥yîØþxýøú¤ÛáûåõíJT]Ù0áû 9)ÑàåÙæèÐf
í×Ôèɪŕ0 HR 1ƠHʄ>&-2ůɪ«ɮ0į"Eǻ£âŞ- +ĘŐ/ȸ
ƹ,E-ɉE 
 ɪŕ0 lnLF ɪŕ0ƬŦ0¡³,)&-2ɪŕ1ŤɊ02ɞŔȟȷǘÔ1ǅɒ¡
ʚ)+E-HȜ +EZang C 13) 2 DM 1ƬǬ0BEɪŕ˫ˮŤɊ1ɞŔ
ȟȷǘÔ1Ɓȣ1ʰHơC0"E-HȑȎ0ɪÍƞɪŕ 1 ƞȑ2 ƞȑ1 23 Ƥ
Cɇƞ 7 Ƥ;,1ɞŔȟȷǘÔHɺǣ &%1ȸƹDM 1ƬǬ0˅GC# lnLF 2
ɪÍ0Ǐ8ɪŕ˵ƞȑ0ƬŦ0¡ &-HĄñ +E &)+ƴșȦ,ŗCF
&ȸƹ2Zang C1ȸƹ-ɠ +DC0 lnLF 1¡2ɪŕ 1 ƞȑ',2/
ɪŕ 3 ƞȑ;,Ⱥ-HơC0"E-,&Íʦ1ʩDLF ŬÄ2ÏŨȟȷ
ǘÔ-ŨȟȷǘÔ1ɊHâƢ HF ŬÄ2ÏŨȟȷǘÔHâƢ"E 16)ƴșȦ0
+ lnLF ³ɪŕ1ď0ƬŦ0¡ &12ƴșȦ0+ HR ɪŕ0ƬŦ0˫³,
)&-»ɩșȦ 13, 14)0+ɪŕ1ď˄1ÏŨȟȷǘÔɪÍ0Ǐ8+ƬŦ0¡
"E-ơC0/)+E-1 2 Ǫ0BDÏŨȟȷǘÔůɪ«ɮ0BD¡
 &C,E-ɉE  ƴșȦ,2ÏŨȟȷǘÔ1¡2ʄ>+/Ï
ŨȟȷǘÔ2óï1Œ˚HĐåE&>ÏŨȟȷǘÔ1ʂªHɩˏ02óïƕ
HS~b|z"E-Ư;  10)  /CɪŕŤɊ0óïʉƖHɩ-2
ǷģȎ,2/ǈȚ/ÏŨȟȷǘÔ1ǣĢü˔,)&-2ƴșȦ1ˊȁ,E 
 ƴșȦ0+ď1ɞŔȟȷǘÔ2ɪŕ0¡ &10į +ư1ɞŔȟȷǘÔ2ɪ
ÍɪŕHʩ +ċÕ/)&1tMeX±2ơ,Eư02ÏŨȟȷǘ
Ô1¡0BDŨȟȷǘÔ¹ 0/E-ɰû-/)&çɒšEC/Eʉ
ƺŜɰ,E 
 ƴșȦ1ˊȁH0ʦ8Eƛɾ1ƖőčȢɪŕ˫ˮŤɊHįʑ- +E-ɪ
Ō˰TKAUKATHAɕƽċšȇŤ0į"Eůɪ˱0BEůɪ«ɮ1ʰHɉū,+
/-ɪŕ1ʢɨ1Œ˚Hɉū,+/-ŤɊ1ʒŷHɉū ˄ǇȎǣĢƚ
ǖHžǼ &&>ʫȺȎ/ɞŔȟȷǘÔ1a[2ŗCF+/-ʉƺƱ˄0¦
ǼF&ɦÎ1Œ˚Hɉū,+/-,E 
 ŕ2ɪŕ1ɞŔȟȷǘÔ1ƁȣHBDʃȴ0ʫȺȎ0ųƅ &,$Iėȍȉ1Ƭ
Ǭ@ʺȉŇ0BEɞŔȟȷǘÔHÄƸ ɪŕ$Iėȍȉˇ0ÓƹȎ/ȔʏƍƇƚǖH
¾£Ȏ0ƾɻ +ŜɰE 
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 ůɪ«ɮ0BDHR 2ɪÍ0Ǐ8+ƬŦ0˫³ɪŐƞCɪŕ 3 ƞȑ;,Ⱥ
-ɞŔȟȷǘÔ2ư2ɪÍ-Ǐ8ċÕ/10į ď2ɪÍ0Ǐ8+ɪŕ 1 ƞȑ
Cɪŕ 3 ƞȑ;,ƬŦ0¡³,E-ơC0/)&FC1-Cůɪŕ1
ď02ÏŨȟȷǘÔ¡ +E-ȜöF& 
 
  
 13 
 
FR"G?A/
n=32
$NO3P mean 74.4
SD 5.7
((8(/ () 9/23
mean 24.8
SD 3.0
5() mean 36.3
SD 0.6
=1D(mmHg) mean 117.7
SD 13.5
+&1D(mmHg) mean 62.6
SD 6.8
Hb(g/dl) mean 12.4
SD 1.3
WBC(!102/µl) mean 54.5
SD 11.4
CRP(mg/dl) mean 0.129
SD 0.142
E%
TKAQUKA 11
THA 10
B2(9)"*E 11
MH<.J
10:30S13:30 11
13:30S17:00 13
17:00S20:30 8
MH.J(min) mean 224.2
SD 82.8
,4I(ml) mean 314.4
SD 285.3
	!
0 3
6 29
Body mass indexOkg/m2P
Notes:TKA=#CK;>-EO total knee arthroplastyP , UKA=#CK;L>-E
Ounicompartmental knee arthroplastyP , THA=#@K;>-EO total hip arthroplastyP
Hb=OhemoglobinPWBC=:D7Owhite blood cellPCRP=C
'OC-reactive
proteinP
 14 
 
 
 
ý 1. ư-ď0EśŸƕ1ċÕ 
Data are presented as a mean ± standard deviation. POD: postoperative day; HR: heart rate.  
*p < 0.01 according to the Tukey post hoc test. 
 
 
 
ý 2. ư-ď0E lnLF 1ċÕ 
Data are presented as a mean ± standard deviation. POD: postoperative day; lnLF, natural log of low 
frequency. *p < 0.01 according to the Tukey post hoc test. 
 
 
 
+
 
 
  
  
  

66.3±8.37 65.6±7.4 73.0±10.8 74.9±10.1 78.7±12.3 77.9±12.3 79.6±12.4 75.4±10.7 75.3±10.6 14 25.592 0
4.4±1.2 4.9±1.3 4.3±1.4 4.0±1.2 4.0±1.3 3.9±1.5 3.8±1.1 4.1±1.4 4.0±1.3 1.1 4.151 0
4.5±1.3 4.9±1.4 4.6±1.4 4.3±1.4 4.3±1.8 4.3±1.8 4.1±1.7 4.4±1.5 4.2±1.4 0.7 1.401 0.197
	&+./)86*%' 8'"n=32
+ +B# +C# +D#
Data are mean±SD HR: Heart Rate, LF: Low Frequency, HF: High Frequency
(,-E!?F@1E?@A?@20=;><8!7349:$52
HR (bpm)
lnLF (ms2)
lnHF (ms2)
p(,-?F@
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˅ʫ"Eɰû 
 
ȸ ƹ 
 
˵˱ůɪ«ɮȪįʑɊ1ʟ£ȎɑƧ-1˅ʫ 
 ůɪ«ɮȪįʑɊ1ʟ£ȎɑƧ-śŸƕɞŔȟȷǘÔ-1˅ʫ2ɫ 3 0Ȝ & 
˰˵˱šÇ 
 HR 2Ȁš˰n˼9 ˱ĕš˰n˼23˱-?ɪÍCɪŕ 3 ƞ˄1Ʊ˄0+ƬŦ/ȷ
ƤȎċÕʄ>CF&˰F˼9.503, p<0.001F˼17.154, p<0.001 ˱ɪŕ 1 ƞȑ1ưHˌ
½+1ƤǪ0+ȀšBDĕš1ƚ˫³,)&ƬŦ/ļ2ʄ>CF/)&
lnLF 2ĕš2ɪÍď˰4.901.19 ms2˱HƪĐ³- +ƬŦ/ȷƤȎċÕʄ>CF&
˰F˼3.420, p˼0.001˱Đ/ċÔł,2/)&Ȁš1ċÔł2ĕšBD?Đ
)&ƬŦ/ȷƤȎċÕ2ʄ>CF/)&˰ F˼2.187, p˼0.090 ˱šÇ0BE lnLF 1
ƬŦļ2ʄ>CF/)&lnHF 2Ȁšĕš-?ɪÍCɪŕ 3 ƞ˄1Ʊ˄0+
ƬŦ/ȷƤȎċÕ2ʄ>CF/)&˰F˼0.266, p˼0.975F˼1.735, p˼0.094 ˱šÇ0
BE lnHF 1ƬŦļ2ʄ>CF/)& 
˰˶˱Body Mass Index˰BMI˱ 
 HR 2BMI<25 kg/m21Ʌ˰n=18 ˱BMI25 kg/m21Ʌ˰n=14˱-?0ɪÍCɪŕ
3 ƞ˄1Ʊ˄0+ƬŦ/ȷƤȎċÕʄ>CF&˰F˼15.525, p<0.001F˼11.802, 
p<0.001 ˱BMI<25 kg/m21Ʌ2 BMI25 kg/m21Ʌ0Ǐ8½+1ǣĢƤǪ,˫³,D
ɪÍư0ƬŦ0˫³HȜ &˰t˼2.048,p˼0.049 ˱lnLF 2BMI<25 kg/m2 1Ʌ2ɪÍ
ď˰ 4.581.16 ms2 H˱ƪĐ³- +ƬŦ/ȷƤȎċÕʄ>CF&˰ F˼2.830, p˼0.007˱
Đ/ċÔł,2/)&BMI25 kg/m21Ʌ2ƬŦ/ȷƤȎċÕ2ʄ>CF/
)&˰F˼2.023, p˼0.052 ˱BMI<25 kg/m21Ʌ2 BMI25 kg/m21Ʌ0Ǐ8+½+1
ƤǪ0+¡³,)&ɪŕ 3 ƞȑư0ƬŦ0¡³,)&˰t˼˳2.081,p˼
0.046 ˱lnHF 2BMI<25 kg/m21ɅBMI25 kg/m21Ʌ-?0ƬŦ/Ơ@ˉ2ʄ
>CF/)&˰F˼1.198, p˼0.318F˼0.810, p˼0.596 ˱BMI ³0BE lnHF 1ƬŦ
/ļ2/)& 
˰˷˱ɪŌ 
 HR 2TKAUKA˰n˼11 ˱THA˰n˼10 ˱ɑƽċšȇŤ0į"Eůɪ˰n˼11˱½
+0+ɪÍCɪŕ 3 ƞ˄1Ʊ˄0ƬŦ/ȷƤȎċÕʄ>CF&˰F˼8.045, 
p<0.001F˼11.928, p<0.001F˼9.657, p<0.001 ˱TKAUKA 2 THAɑƽċšȇŤ
0į"Eůɪ-Ǐ8+½+1ǣĢƤǪ,¡³,)&ƬŦ/ļ2/)&lnLF 2
THA 0+2ɪÍď˰5.251.32 ms2˱HƪĐ³- +ƬŦ/ȷƤȎċÕʄ>CF
&˰F˼2.629, p˼0.015˱TKAUKAɑƽċšȇŤ0į"Eůɪ,2ƬŦ/ȷƤȎċ
 16 
Õ2/)&˰F˼0.958, p˼0.476F˼2.437, p˼0.074 ˱ɪŌ0BE lnLF 1ƬŦ/ļ2
ʄ>CF/)&lnHF 2TKAUKATHAɑƽċšȇŤ0į"Eůɪ½+,ɪ
ÍCɪŕ 3 ƞ˄1Ʊ˄0+ƬŦ/ȷƤȎċÕ2/)&˰F˼0.831, p˼0.578F˼
1.675, p˼0.195F˼0.958, p˼0.448 ˱ɪŌ0BE lnHF 1ƬŦ/ļ2ʄ>CF/)& 
˰˸˱ˬʷȵƤ˄ 
 HR 210˺30 C 13˺30 0ȵ &Ʌ˰n=11 ˱13˺30 C 17˺00 1˄0ȵ &
Ʌ˰n=13 ˱17˺00 C 20˺30 0ȵ &Ʌ˰n=8˱½+0+ɪÍCɪŕ 3 ƞ˄
1Ʊ˄0ƬŦ/ȷƤȎċÕʄ>CF&˰F˼6.682, p˼0.001F˼12.4, p<0.001#2˼
42.139, p<0.001 ˱13˺30 C 17˺00 1˄0ȵ &Ʌ210˺30 C 13˺30 0ȵ
 &Ʌ0Ǐ8+ɪŐƞďHˌ½+1ǣĢƤǪ, HR ƬŦ0˫³,)&˰F˼4.467, p
˼0.015F˼7.187, p˼0.003F˼5.575, p˼0.011F˼7.957˲p˼0.001F˼8.107˲p˼
0.001F˼9.001˲p˼0.001F˼11.074˲p˼0.000F˼10.372˲p˼0.000 ˱;&13˺
30 C 17˺00 1˄0ȵ &Ʌ217˺00 C 20˺30 0ȵ &ɅBD?ɪÍď0Ƭ
Ŧ0˫³,)&˰F˼4.467p˼0.037 ˱17˺00 C 20˺30 0ȵ &Ʌ210˺30 
C 13˺30 0ȵ &Ʌ0Ǐ8+ɪŕ 1 ƞȑư-ɪŕ 3 ƞȑ0ƬŦ0˫³,)&˰F˼
5.575˲p˼0.041F˼11.074˲p˼0.011F˼10.372˲p˼0.037 ˱lnLF 213˺30 C
17˺00 1˄0ȵ &Ʌ,2ƬŦ/ȷƤȎċÕʄ>CF&˰F˼2.545, p˼0.015˱
10˺30 C 13˺30 0ȵ &Ʌ17˺00 C 20˺30 0ȵ &Ʌ,2ƬŦ/ȷƤȎċ
Õ2/)&˰F˼0.762, p˼0.637#2˼9.029, p˼0.340 ˱ˬʷȵƤ˄0BE lnLF 1Ƭ
Ŧ/ļ2/)&lnHF 2 3 Ʌ-?9:Ǆ3,ȷʭ +&˰F˼0.521, p˼0.837
F˼1.182, p˼0.319#2˼9.562, p˼0.297 ˱ˬʷȵƤ˄0BE lnHF 1ƬŦ/ļ2/
)& 
˶˱ɪŕȆȊȖȕǥʜŇ-1˅ʫ 
ɪŕȆȊȖȕǥʜŇ˰VAS˱-śŸƕɞŔȟȷǘÔ-1˅ʫ2ɫ 4 0Ȝ & 
˰˵˱ʨÑˀȊɦ1ƬǬ 
 ƴșȦ,2½+1įʑɊĢƱˀȊɦ1Âƚ0B)+ȆȊS~b|z/F+
&%1&>ʨÑˀȊɦ1ƬǬ0BDɪŕȆȊ1ŏHʂª &HR 2ʨÑˀȊɦH
¦Ǽ &Ʌ˰n=22 ˱¦Ǽ /)&Ʌ˰n=10˱-?0ɪÍCɪŕ 3 ƞ˄1Ʊ˄0
+ƬŦ/ȷƤȎċÕʄ>CF&˰F˼18.01, p<0.001F˼9.561, p<0.001 ˱ʨÑˀȊɦ
H¦Ǽ &Ʌ2¦Ǽ /)&Ʌ-Ǐ8+½+1ǣĢƤǪ,˫³,DɪÍď1³Ƭ
Ŧ0˫³,)&˰t˼˳2.229˲p˼0.033 ˱lnLFlnHF 2ʨÑˀȊɦ1ǬɅɪÍɪ
ŕHʩ +ƬŦ/Ơ@ˉ2ʄ>/)&˰F˼1.286, p˼0.265F˼0.495, p˼0.856˱
10į ʨÑˀȊɦƬEɅ,2ƬŦ/ȷƤȎċÕʄ>CF&˰F˼5.426, p<0.001
F˼2.829, p˼0.006 ˱ʨÑˀȊɦ1ƬǬ0BE lnLFlnHF 1ƬŦ/ļ2/)& 
˰˶˱ȖȕǥʜŇ˰VAS˱ 
 HR 2ȖȕǥʜŇ˰VAS˱1Ńā³ 60 ǪƲǥ1Ʌ˰n=15 ˱60 Ǫ1Ʌ˰n=17˱
 17 
-?0ɪÍCɪŕ 3 ƞ˄1Ʊ˄0+ƬŦ/ȷƤȎċÕʄ>CF&˰F˼14.495, 
p<0.001F˼12.298, p<0.001 ˱ȖȕǥʜŇ˰VAS˱1Ńā³ 60 ǪƲǥ1Ʌ260 Ǫ
1Ʌ0Ǐ8+Ł0˫³HȜ+DɪŐƞď1³ƬŦ0˫)&˰t˼2.222˲p˼
0.034 ˱lnLF 2ȖȕǥʜŇ˰VAS˱1Ńā³ 60 ǪƲǥ1Ʌ˰n=15 ˱60 Ǫ1Ʌ
-?ƬŦ/ȷƤȎċÕʄ>CF&˰F˼3.691, p˼0.001F˼2.378, p˼0.020 ˱Ȗȕǥ
ʜŇ˰VAS˱0BE lnLF 1ƬŦ/ļ2/)&lnHF 2.(C1Ʌ?ƬŦ/Ơ@
ˉ2ʄ>CF/)&˰F˼0.753, p˼0.645F˼1.462, p˼0.177 ˱ȖȕǥʜŇ˰VAS˱0
BE lnHF 1ƬŦ/ļ2/)& 
˷˱¼ˋÍ1ǻǘɈŪ-1˅ʫ 
 ¼ˋÍ1ǻǘɈŪ-śŸƕɞŔȟȷǘÔ-1˅ʫHɫ 5 0Ȝ & 
˰˵˱¼ˋÍ1ĴĬƤ˄ 
 HR 20 ƤBDÍ0ĴĬ +EɅ˰n=25 ˱ĴĬƤ˄ 0 Ƥˉ1Ʌ˰n=7˱-?0
ɪÍCɪŕ 3ƞ˄1Ʊ˄0+ƬŦ/ȷƤȎċÕʄ>CF&˰ #2˼77.034, p<0.001
#2˼38.002, p<0.001 ˱0 ƤBDÍ0ĴĬ +EɅ2ɪÍďCɪŐƞ0Ơ &ŕ2
9:Ǆ3,ȷʭ +E10į 0 Ƥˉ0ĴĬ +EɅ,2ɪŐƞˉ1ȷƤȎ/
ċÔĐ¸í)&;&ĴĬƤ˄ 0 Ƥˉ1Ʌ20 ƤBDÍ0ĴĬ +E
Ʌ0Ǐ8+éǣĢƤǪ,˫³HȜ +Dɪŕ 1 ƞȑưCɪŕ 3 ƞȑư0ƬŦ0˫
³,)&˰U=41.5, p=0.036U=22, p=0.003U=37, p=0.021U=40.5, p=0.032U=32, 
p=0.011 ˱lnLF 2ĴĬƤ˄ 0 ƤBDÍ1Ʌ02ƬŦ/ȷƤȎċÕʄ>CF&˰#2˼
16.823, p˼0.032˱0 Ƥˉ0ĴĬ +EɅ,2ƬŦ/Ơ@ˉ2ʄ>CF/)
&˰#2˼13.067, p˼0.11 ˱0 Ƥˉ0ĴĬ +EɅ2 0 ƤBDÍ0ĴĬ +EįʑɊ
0Ǐ8éǣĢƤǪ,¡³,Dɪŕ 1 ƞȑď0ƬŦ0¡³,)&˰ U=35, p=0.017 ˱
lnHF 2ĴĬƤ˄ 0 ƤBDÍ1Ʌ02ƬŦ/ȷƤȎċÕʄ>CF&˰#2˼17.461, p˼
0.026˱0 Ƥˉ0ĴĬ +EɅ,2ƬŦ/Ơ@ˉ2ʄ>CF/)&˰#2˼
12.622, p˼0.126 ˱0 Ƥˉ0ĴĬ +EɅ2 0 ƤBDÍ0ĴĬ +EįʑɊ0Ǐ8
éǣĢƤǪ,¡³,Dɪŕ 1 ƞȑď0ƬŦ0¡³,)&˰U=32, p=0.011 ˱ 
˰˶˱¼ˋÍ1˥Ƥ˄1ɲÌš 
 ǆ˥E˥ Ƥ˄0˵Ƥ˄1X{EąêH
˥Ƥ˄ɲÌ- &HR
2¼ˋÍ1˥Ƥ˄ɲÌ,EɅ˰n=6 ˱ɲÌȎ,EɅ˰n=26˱-?0ɪÍC
ɪŕ 3ƞ˄1Ʊ˄0+ƬŦ/ȷƤȎċÕʄ>CF&˰ #2˼87.27, p<0.001#2˼25.408, 
p˼0.001 ˱¼ˋÍ1˥Ƥ˄ɲÌ,EɅ2ɲÌȎ,EɅ0Ǐ8+éǣĢƤǪ,
¡³,DɪÍư-ɪŕ 3 ƞȑď0ƬŦ0¡³,)&˰U=34.5, p=0.035U=34, 
p=0.033 ˱lnLF 2˥Ƥ˄ɲÌȎ,EɅ02ƬŦ/ȷƤȎċÕʄ>CF&˰#2˼
29.767, p<0.001 ˱ɲÌ,EɅ02ƬŦ/Ơ@ˉ2ʄ>CF/)&˰ #2˼11.84, 
p˼0.158 ˱¼ˋÍ1˥Ƥ˄ɲÌ,EįʑɊ2˥Ƥ˄ɲÌȎ,EįʑɊ0
Ǐ8ɪŐƞďHˌ½+1ǣĢƤǪ,˫³HȜ +Dɪŕ 3 ƞȑď0ƬŦ0˫³
 18 
HȜ &˰U=36, p=0.043 ˱lnHF 2˥Ƥ˄ɲÌȎ,EɅ02ƬŦ/ȷƤȎċÕ
ʄ>CF&˰ #2˼26.811, p˼0.001 ˱ɲÌ,EɅ,2ƬŦ/Ơ@ˉ2ʄ>CF/
)&˰#2˼3.467, p˼0.902 ˱¼ˋÍ1˥Ƥ˄ɲÌ,EɅ2˥Ƥ˄ɲÌȎ
,EɅ0Ǐ8éǣĢƤǪ,˫³HȜ +Dɪŕ 3 ƞȑď0ƬŦ0˫³HȜ &
˰U=32, p=0.026 ˱ 
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˵˱ůɪ«ɮȪįʑɊ1ʟ£ȎɑƧ-1˅ʫ 
šÇ0BE HRɞŔȟȷǘÔ0ļ2/)&ƵǨC 24)220 ǊƲǥC 70 Ǌ1
¶ŁɊ1śŸƕ-ɞŔȟȷǘÔHʉƺ &ȸƹ60 Ǌ,2śŸƕ1šļ2ǚĒ &-
Ąñ +EÑ+»ɩșȦ 25, 26)0+śŸċÔźǃ02šļ2ʄ>CF/-
ĄñF+EƴșȦ1įʑ2 65 Ǌ,DśŸƕɞŔȟȷǘÔ-?»ɩșȦ1
ȸƹ-ɠ +Dɪŕ0+?šÇ0BE HRɞŔȟȷǘÔ0ļ2/-Ȝ
F& 
ƴșȦ0+BMI 0BE HR -ɞŔȟȷǘÔ1ơC/ʰ2ʄ>CF/)&
ŨȟȷǘÔ1ʬ2ɏǥB5t[qy^PU~c|±HƬ"EįʑɊ0ʄ>CFE
ǴŚ,D˫ ɨÿB5ɏǥHƬ"EįʑɊ0EŨȟȷǘÔʬ1ȤŇ2ɨÿ
B5 BMI 1ȤŇ-īſ0˅ʫ +E 27)śŸƕ0+2BMI˻25 kg/m21˗ɏǥ
Ʌ1ƚ˫³,E¸íDBMI25 kg/m21ɏǥɅ,Ũȟȷ1ʬ2ʄ>CF/
)&ƴșȦ1įʑɊ02˫Ň/ɏǥ1Ɋ2C#ɪŕ0+?ɞŔȟȷǘÔ0Œ˚
Há:/)&çɒšE 
ɪŌ0BE HR -ɞŔȟȷǘÔ,2ƬŦ/ļ2ʄ>CF/)&ƴșȦ,įʑ- 
& 3 *1ɪŌ2ůɪƤ˄@ɪƌ¤ɪŕc{dV0BEŽǛʼ/.ůɪ«ɮ0ʰ
E&>ɪŕ1 HR @ɞŔȟȷǘÔ1Ɓȣ1ǴŚȄ/E-ǣ &ļ2/)&
;&ɕƽůɪHå&ŤɊ2ɪŕ 3 ƞȑư;,ŅĠ˖Ŝɰ,DǘÔ-ţ0B
E 24 Ƥ˄1ǻǘyX±ĺF@"-ƁĭF&  ƴșȦ0+2ɕƽ
ůɪHå&ŤɊ,2ɞŔȟȷǘÔ1ċʉ2ʄ>/)& 
 % +ˬ ʷȵ &Ƥ˄1ʰ0BDɪŕ1 HR 1Ɓȣ0ċʉʄ>CF&17:00
C 20:30 1Ƥ˄ŀ0ˬʷȵ &Ʌ2 10:30 C 13:30 1Ƥ˄ŀ0ˬʷȵ &Ʌ
0Ǐ8+ɪŕ 1 ƞȑư-ɪŕ 3 ƞȑ1ưB5ď0 HR ƬŦ0˫³,)&13:30 ;
,0ˬʷȵ"EŤɊ2ǚǩƤ˄HʤE;,1Ƥ˄ØÄ0DɪŐƞ1ČƚC
˥˃Ě-/EąêĎ&>ůɪŕ,)+?˥@ĴĬ0í&Ǧ·/.ǻǘyX
±HƖEǅEF0į +17:00 ˉ0ˬʷȵ"EŤɊ,2ˬʷɴʹ
ØÄ,/-/.C˥ ˃Ě2ůɪɇƞ1ưˉ,DĴĬ71Ǧ·/;;ǚ
ǩƤ˄HʤE-9-I.,EƴșȦ0+ 17:00 C 20:30 1Ƥ˄ŀ0ˬʷ
 19 
ȵ &Ʌ,ɪŕ1 HR ˫³,)&ɑƧ- +Íʦ1B/ůɪŐƞ1ʭ ƚ
˅ʫ +E-ƁĭFEƴșȦ,2ɞŔȟȷǘÔ-1˅ʫ2ʄ>CF+C
#ȸʊHÃ"02ɟC/ 
˶˱ƖőčȢɪŕ1ȆȊȖȕǥʜŇ-1˅ʫ 
Chang28)C2ɘʵůɪŕ1ŤɊ0EȆȊŏŇ-śŸċÔ-1˅¬0*+ɪɇƞ
1ɳɴJd|QWRz˰Visual Analog Scale˰ VAS˱˱1³- LF 02ʒ1ȓ˅˅¬
)&-Ąñ +DȆȊŏ9. LF 2¡³0/E-HȜö +EƴșȦ0
+2ȆȊ1ŏ0BE lnLF 1ļ2ʄ>+C#Chang C1șȦȸƹ-2ɠ /
)&ƴșȦ1įʑɊ2ˀ Ȋɦ1ĢƱÂƚ0BEȆȊS~b|zɣĖ,DʨÑˀ
Ȋɦ1ƬǬ,ȆȊ1ȤŇHʂª &&>ɞŔȟȷǘÔ-1˅ʫʄ>CF/)&çɒ
šɉCFE/ɪŕȆȊŏ)&Ʌ,ɪÍď0 HR ƬŦ0˫³,)&-
2ɪÍ1śǹȎȽŎ/.-1˅ʫƁĭFE 
Ȗȕ-ɞŔȟȷǘÔ02˅ʫDď˄Ȗȕ02ŨȟȷǘÔ1¡-ʧʙȟȷǘ
Ô1ĈÑ0B)+śŸƕ¡"E 10)-ȜF+EɞŔȟȷǘÔ0ċʉH&"
-ŤɊ1ȖȕęCFE-ɉȖȕǥʜŇ˰VAS˱-1˅ʫHƾɻ &ȖȕǥʜŇ
0BE HRɞŔȟȷǘÔ0ơC/ļ2/)&ƴșȦ0+2VAS HǼ+ɶ
Ȏ/Ȗȕ1ʘHʉƺ &ŕ1ʉƺ,2JP]QxlȪ1ĤɶȎʂª-êG$+ɞŔ
ȟȷǘÔ-1˅ʫHƾɻ"EŜɰE 
˷˱¼ˋÍ1ǻǘɈŪ-1˅ʫ 
 ¼ˋÍ1ĴĬƤ˄@˥Ƥ˄/.1ǻǘɈŪ2ŤɊ1ǻǘyX±Hő¤E?1,D
ɞŔȟȷǘÔ71Œ˚E-ɉ˅ ʫHƾɻ &ɪŕ0ơC/ċʉʄ>CF&1
2¼ˋÍ1ĴĬƤ˄ 0 Ƥˉ1Ʌ,)&¼ˋÍ1ĴĬƤ˄ 0 Ƥˉ1Ʌ2 0 Ƥ
BDÍ0ĴĬ +EŤɊ0Ǐ8+ HR éǣĢƤǪ,˫³HȜ +Dɪŕ 1 ƞȑ
ưCɪŕ 3 ƞȑư0ƬŦ0˫³,)&ɞŔȟȷǘÔ2ɪŕ˵ƞȑď0 lnLF B5
lnHF 1ƬŦ/¡ʄ>CF+E1-C¼ˋÍ1ĴĬƤË 0 Ƥˉ1Ʌ,
2ɪŕ˵ƞȑ1ď0ÏŨȟȷǘÔ¡"E-ơC0/D¼ˋÍ1ȖȕɈŪ
ɪŕ1ɞŔȟȷǘÔ-˅ʫ"E-ȜöF& 
 20 
 
 
4
!   !  !  ! 
( (n=9) 63.9±9.35 62.6±6.42 70.8±9.61 76.3±11.20 75.1±12.08 77.1±14.45 79.2±14.20 72.2±12.03 73.4±10.09 16.6 9.503 0
 (n=23) 67.3±7.97 66.8±7.60 73.9±11.35 74.4±9.82 80.1±12.38 78.2±11.17 79.8±11.93 76.6±10.13 76.0±10.95 13.0 17.154 0
( (n=9) 4.32±1.42 4.84±1.57 3.85±1.28 3.91±1.02 4.04±1.26 3.95±1.71 3.69±0.91 4.64±1.59 4.12±1.52 1.2 2.187 0.090
 (n=23) 4.47±1.15 4.90±1.19 4.52±1.40 4.02±1.27 4.01±1.30 3.92±1.46 3.88±1.15 3.94±1.30 3.92±1.21 1.0 3.420 0.001
( (n=9) 4.01±1.27 4.15±1.34 3.89±1.25 3.87±1.74 3.99±1.79 3.97±1.85 3.67±1.69 4.30±1.83 3.97±1.56 0.6 0.266 0.975
 (n=23) 4.72±1.22 5.09±1.21 4.93±1.33 4.48±1.17 4.36±1.84 4.50±1.73 4.32±1.66 4.45±1.45 4.34±1.35 0.8 1.735 0.094
N
S25 (n=18) 68.9±7.58 67.4±6.42 73.9±10.04 75.4±10.46 81.9±12.99 81.3±12.38 81.9±12.75 78.6±10.99 77.7±11.09 14.5 15.525 0
D25 (n=14) 63.1±8.46 63.2±8.20 71.8±12.04 74.4±9.92 74.6±10.40 73.4±11.09 76.7±11.67 71.2±9.02 72.2±9.47 13.6 11.802 0
N
S25 (n=18) 4.21±0.72 4.58±1.16 4.12±1.11 3.82±0.81 3.71±1.14 3.73±1.29 3.61±0.91 3.71±1.23 3.75±1.13 1.0 2.830 0.007
D25 (n=14) 4.69±1.65 5.24±1.38 4.60±1.67 4.21±1.56 4.42±1.34 4.18±1.76 4.11±1.23 4.69±1.45 4.27±1.44 1.1 2.023 0.052
S25 (n=18) 4.13±0.60 4.57±1.02 4.50±1.28 4.16±1.31 3.99±1.70 4.23±1.62 3.94±1.50 3.96±1.34 3.90±1.15 0.7 1.198 0.318
D25 (n=14) 4.99±1.70 5.12±1.56 4.81±1.51 4.50±1.44 4.59±1.94 4.50±1.96 4.39±1.89 4.99±1.63 4.68±1.60 0.7 0.810 0.596
TKAIUKA (n=11) 61.1±5.51 64.5±7.38 72.7±12.24 69.5±9.14 75.6±11.30 72.5±9.48 74.4±9.52 68.8±8.15 69.5±7.47 14.5 8.045 0
THA (n=10) 67.8±9.76 66.7±8.92 72.9±9.34 76.5±9.66 79.5±15.67 82.1±11.86 82.9±13.84 78.9±12.68 79.2±12.95 16.2 11.928 0
Spine (n=11) 69.4±7.90 65.7±6.54 73.4±11.62 79.0±9.67 81.1±10.21 79.5±14.16 81.9±12.83 78.7±8.43 77.6±9.17 16.2 9.657 0
TKAIUKA (n=11) 4.13±0.65 4.43±1.10 3.80±1.03 3.85±0.50 3.89±1.30 4.09±1.57 3.78±0.92 4.17±1.35 3.97±0.95 0.7 0.958 0.476
THA (n=10) 4.24±1.03 5.25±1.32 4.54±1.48 3.88±0.75 3.66±0.80 3.56±1.30 4.00±1.05 3.85±1.59 3.67±1.64 1.7 2.629 0.015
Spine (n=11) 4.90±1.70 5.14±1.41 4.66±1.55 4.22±1.89 4.46±1.53 4.11±1.69 3.72±1.31 4.36±1.34 4.26±1.26 1.4 2.437 0.074
TKAIUKA (n=11) 4.57±0.96 4.44±1.06 4.37±1.46 4.41±0.66 4.41±1.95 4.42±1.97 4.40±1.40 4.81±1.42 4.11±0.83 0.7 0.831 0.578
THA (n=10) 4.14±0.93 5.23±1.42 5.07±1.41 4.14±1.25 3.96±0.99 3.96±1.43 4.21±1.84 4.00±1.58 3.79±1.59 1.4 1.675 0.195
Spine (n=11) 4.79±1.76 5.05±1.55 4.51±1.29 4.37±1.95 4.37±2.29 4.63±1.88 3.81±1.85 4.38±1.64 4.78±1.59 1.2 0.958 0.448
A AIB AI@ A A A AI@ AI@
E10:30W13:30
(n=11) 61.3±5.97 61.4±6.89 70.3±11.95 67.7±8.67 69.5±8.57 68.3±7.86 69.7±9.09 66.0±6.66 66.5±6.25 9 6.682 0.001
F13:30W17:00
(n=13) 70.5±8.27 70.6±5.99 78.2±7.55 79.0±9.38 86.2±11.19 84.9±9.75 87.1±11.24 81.6±9.31 82.0±9.97 16.6 12.4 0
G17:00W20:30
(n=8) 66.5±8.32 63.3±5.87 68.3±11.37 78.3±8.15 79.4±10.68 79.6±13.38 81.1±9.16 78.1±8.66 76.6±8.05 17.8 42.139
C 0
10:30W13:30
(n=11) 4.35±0.87 4.55±1.00 4.12±1.40 4.02±0.86 4.21±1.34 4.10±1.53 4.06±1.14 4.11±1.29 4.00±0.96 0.6 0.762 0.637
13:30W17:00
(n=13) 4.64±1.17 5.04±1.41 4.45±1.32 4.01±1.25 4.10±1.39 3.93±1.53 3.66±1.06 4.12±1.49 3.77±1.37 1.4 2.545 0.015
17:00W20:30
(n=8) 4.12±1.74 5.08±1.51 4.41±1.60 3.91±1.60 3.62±0.98 3.69±1.61 3.79±1.09 4.21±1.57 4.29±1.60 1.5 9.029
C 0.340
10:30W13:30
(n=11) 4.62±1.06 4.59±1.12 4.54±1.51 4.42±1.00 4.85±1.75 4.83±1.96 4.81±1.50 4.81±1.44 4.16±1.00 0.7 0.521 0.837
13:30W17:00
(n=13) 4.61±1.23 4.87±1.33 4.73±1.27 4.23±1.07 3.99±1.93 4.17±1.53 3.75±1.77 4.13±1.62 3.98±1.41 1.1 1.182 0.319
17:00W20:30
(n=8) 4.13±1.65 5.04±1.58 4.62±1.52 4.29±2.16 3.85±1.66 3.97±1.88 3.84±1.63 4.32±1.60 4.78±1.82 1.2 9.562
C 0.297
/6<LFM 

?;-
=
BMI
HR (bpm)
lnLF (ms2)
HR (bpm)
lnLF (ms2)
lnHF (ms2)
Data are mean±SDHLF: Low Frequency, HF: High Frequency
/6<R'#LFMHCRFeedman$L!2M
NR2%"t$, BMIS25UT/V2 vs D25kg/m2, p<0.05
†R:0#, ?;-=E vs F, p<0.05I‡R:0#, ?;-=F vs G, p<0.05I§R:0#, ?;-=E vs G,p<0.05
45,I71K8)2JI3+.&
JK>9Ln=32M
lnHF (ms2)
lnLF (ms2)
lnHF (ms2)
4O* 4P* 4Q*
lnLF (ms2)
4	
4

HR (bpm)
HR (bpm)
p
lnHF (ms2)
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
+
        
6
 (n=22) 66.9±7.40 67.5±7.47 73.5±11.78 75.6±10.27 80.8±12.22 78.2±11.85 81.8±12.28 77.4±9.84 76.3±10.57
  (n=10) 65.1±10.55 61.5±5.78 72.0±8.87 73.5±10.02 74.2±11.88 77.1±13.91 74.8±11.75 70.9±11.64 73.1±10.95 15.6 9.561 0
 (n=22) 4.51±1.25 5.10±1.22 4.56±1.36 4.11±1.28 3.96±1.31 4.01±1.53 3.85±1.08 3.97±1.23 3.85±1.19 1.3 5.426 0
  (n=10) 4.24±1.19 4.42±1.36 3.80±1.35 3.73±0.97 4.14±1.23 3.76±1.53 3.78±1.13 4.52±1.71 4.26±1.49 0.8 1.286 0.265
 (n=22) 4.70±1.19 4.97±1.21 4.93±1.31 4.34±1.30 4.12±1.71 4.43±1.74 4.02±1.69 4.29±1.39 4.22±1.22 1.0 2.829 0.006
  (n=10) 4.10±1.36 4.50±1.47 3.99±1.36 4.24±1.53 4.54±2.06 4.17±1.85 4.39±1.70 4.66±1.88 4.27±1.80 0.7 0.495 0.856
5
B60 (n=15) 68.2±8.72 65.6±7.94 77.3±11.44 77.3±12.36 82.9±14.17 80.6±15.49 83.4±15.16 78.3±11.71 77.6±12.33
460 (n=17) 64.7±7.95 65.6±7.22 69.2±8.98 72.9±7.31 75.1±9.38 75.5±8.40 76.3±8.39 72.8±9.30 73.3±8.73 11.6 12.298 0
B60 (n=15) 4.63±0.90 5.11±1.21 4.22±1.13 3.76±1.05 4.27±1.36 3.97±1.59 3.63±1.05 4.42±1.15 4.23±1.14 1.5 3.691 0.001
460 (n=17) 4.26±1.42 4.69±1.35 4.42±1.60 4.20±1.30 3.79±1.16 3.90±1.48 4.01±1.10 3.89±1.58 3.75±1.39 0.9 2.378 0.020
B60 (n=15) 4.45±0.85 4.76±1.14 4.52±1.24 4.13±1.37 4.34±2.07 4.48±1.94 3.80±1.62 4.49±1.53 4.44±1.28 1.0 0.753 0.645
460 (n=17) 4.54±1.53 4.87±1.45 4.74±1.51 4.47±1.37 4.18±1.60 4.23±1.62 4.43±1.71 4.34±1.59 4.06±1.51 0.8 1.462 0.177
p
lnLF (ms2)
lnHF (ms2)
(-1;F<	
HR (bpm)
,@7+!"8%$.;VAS<98)&'9:30;n=32<
+ +=# +># +?#
Data are mean±SD7 LF: Low Frequency, HF: High Frequency, LF/HF: Ratio of LF and HF
(-1A
;F<
6A2t
, /2"* vs , p<0.05
5A2t
, %$.;VAS<B60 vs 460, p<0.05
%$.
VAS
14.9 18.01 0
17.8 14.495 0
lnLF (ms2)
lnHF (ms2)
/2"*
: 
HR (bpm)
'
        
2 2 2 2 2
0=> (n=25) 63.0±6.0 62.0±7.0 72.0±7.0 71.0±7.5 73.0±8.0 74.0±6.5 76.0±7.5 72.0±8.0 72.0±7.0
0. (n=7) 71.0±3.75 69.0±3.25 82.0±12.50 87.0±8.50 93.0±5.25 85.0±8.00 93.0±7.75 83.0±6.25 81.0±5.50 24 38.0021 0
2
0=> (n=25) 4.40±0.55 5.07±0.69 4.29±1.10 3.74±0.59 4.06±1.01 3.87±0.79 3.69±0.83 4.44±1.13 3.83±0.66
0. (n=7) 3.97±0.55 4.37±0.89 3.88±0.67 3.35±0.50 3.22±0.32 3.48±0.76 3.67±0.50 3.41±0.18 3.78±0.57 1.2 13.067 0.11
2
0=> (n=25) 4.54±0.79 5.14±0.79 5.00±1.20 4.58±0.98 4.50±0.86 4.76±1.09 4.64±1.37 4.16±1.25 4.20±0.86
0. (n=7) 3.80±0.22 4.33±1.05 3.86±1.08 4.19±0.83 2.58±0.86 3.00±0.55 3.16±0.26 3.92±0.12 3.79±0.48 1.8 12.622 0.126
3 3
(  (n=26) 66.5±7.00 66.5±5.50 75.0±10.13 73.5±7.50 79.0±6.88 77.0±7.00 78.0±9.88 76.0±7.88 77.0±6.63
( (n=6) 60.0±4.50 59.5±7.13 69.0±5.25 71.0±4.63 73.0±10.38 69.5±7.13 73.0±3.00 69.5±6.25 68.0±2.13 13.5 25.4081 0.001
3
(  (n=26) 4.23±0.58 5.04±0.73 4.15±1.07 3.73±0.53 3.76±0.78 3.76±0.86 3.63±0.96 3.83±0.99 3.59±0.62
( (n=6) 4.38±0.16 5.55±0.68 4.04±0.81 3.77±0.68 3.97±0.74 4.21±1.07 4.11±0.24 5.21±1.20 5.24±0.89 1.8 11.84 0.158
3
(  (n=26) 4.38±0.93 5.09±0.81 4.78±1.08 4.32±0.95 4.30±0.95 4.15±1.29 3.34±1.22 3.94±0.92 3.77±0.84
( (n=6) 4.22±0.51 5.22±1.25 4.84±1.12 4.47±0.67 4.81±1.08 4.44±1.45 4.97±0.92 4.49±1.28 4.80±0.80 1.0 3.467 0.902
/:%95&"#	9:-*Bn=32C
' 'D! 'E! 'F! 

	
1.4
1.0
p$)+B!2C1
16.823 0.032
17.461 0.026
0
29.767 0
26.811 0.001
Data are median±QD4 LF: Low Frequency, HF: High Frequency, LF/HF: Ratio of LF and HF41$)+GFriedmanB!2C
2GMann-Whitny U,/:,0=> vs 0., p<0.05
3GMann-Whitny U,/:0,(  vs (, p<0.0540,(G076?5<8;D,@A76?
,
0,
:
(
HR (bpm)
14
13
lnLF (ms2)
lnHF (ms2)
lnLF (ms2)
lnHF (ms2)
1.5
1.8
HR (bpm)
77.0341 0
87.271
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˷˴ƖőčȢɪŕ˫ˮŤɊ1$Iėȍȉ-śŸƕɞŔȟȷǘÔ 
B5ɑƧɰû-1˅ʫ 
 
ȸ ƹ 
 
˵˱ɪŕ$Iėȍȉ-śŸƕɞŔȟȷǘÔ-1˅ʫ˰ɫ 6˱ 
 ɪŕ$IėHȍȉ /)&Ʌ˰n˼29˱,2 HRlnLFlnHF ½+0+ƬŦ/ȷ
ƤȎċÕʄ>CF&˰#2˼105.680, p<0.001#2˼23.684, p˼0.003#2˼18.193, p˼0.020˱
10į ɪŕ$IėHȍȉ &Ʌ˰n˼3˱,2 HRlnLFlnHF ½+0+ƬŦ/ȷ
ƤȎċÕ2/)&˰#2˼12.597, p˼0.126#2˼8.800, p˼0.359#2˼7.333, p˼0.395 ˱ɪ
ŕ$Iėȍȉ1ƬǬ0BE HR B5 lnLFlnHF 1ƬŦ/ļ2ʄ>CF/)& 
˶˱ɪŕ$Iėȍȉ-ɪŕȆȊ1ȤŇ˰VAS ˱ȖȕǥʜŇ˰VAS˱-1˅ʫ˰ɫ 7˱ 
 "8+1ǣĢƤǪ0+ɪŕ$Iėȍȉ1ƬǬ0BEȆȊ VASȖȕǥʜŇ VAS 1
³0ƬŦ/ļ2ʄ>CF/)&
˷˱ɪŕ$Iėȍȉ-ȈŅǺć-1˅ʫ˰ɫ 8˱ 
 ɪŕ$IėHȍȉ &Ʌ2$IėHȍȉ /)&Ʌ0Ǐ8+ɪŐƞď-ɪŕ 3 ƞȑ
ư1ǐǢƬŦ0˫³,)&˰U=8, p=0.014U=12.5, p=0.024 ˱ɪŕ$Iėȍȉ1Ƭ
Ǭ0BEǤŇǯŇ˙0ļ2ʄ>CF/)& 
˸˱ɪŕ$Iėȍȉ-¼ˋÍ1ǻǘɈŪ˰ĴĬƤ˄˥Ƥ˄1ɲÌš˱-1˅ʫ 
 ˰ɫ 9˱ 
 ɪŕ$Iėȍȉ1ƬǬ-¼ˋÍ1ĴĬƤ˄˰ĴĬƤ˄ 0 Ƥˉ 0 ƤBDÍ˱-1
˄0ƬŦ/˅ʫ2ʄ>CF/)&˰#2˼0.254, p˼0.536 ˱;&ɪŕ$Iėȍȉ1ƬǬ
-¼ˋÍ1˥Ƥ˄1ɲÌš-1˄0ƬŦ/˅ʫ2ʄ>CF/)&˰#2˼0.462, p˼
0.476 ˱

ɉ ĭ

»ɩșȦ0+ãþ6î÷¾íï÷wîĎĄċî1ÙEÉàèÔûÞ
êÙ*ßüè×úÐ$Iė1ȍȉ@ʺȉÕ02ɞŔȟȷǘÔ1ċʉ˅ʫ +E-
ƁĭF&%,ɪŕ$Iėȍȉˇ0ÓƹȎ/ȔʏƍƇƚǖHƾɻ"E&>1ăța
[HŗE-HȑȎ0ƖőčȢɪŕ˫ˮŤɊ1$Iėȍȉ- HRɞŔȟȷǘÔB5
ɑƧɰû-1˅ʫ0*+ƾɻ & 
;#ɪŕ$Iėȍȉ1ƬǬ0BD HRɞŔȟȷǘÔ0ļEHƾɻ &ƬŦ
ļ2ʄ>CF/)&;&ɑƧɰû0*+?ɪŕȆȊ1ȤŇ@ȖȕǥʜŇB5
¼ˋÍ1ĴĬƤ˄˥ Ƥ˄1ɲÌš-1˅ʫ?ʄ>CF/)&ƴșȦ,2ɪŕ$Iė
ȍȉ 3 §1<,D˅ ʫHƾɻ"E02ØÄ,DȸʊHÃ"02ɟC/  
 23 
/Cɪŕ$IėHȍȉ /)&Ʌ,2 HR B5ɞŔȟȷǘÔ0ƬŦ/ȷƤȎċÕ
ʄ>CF&10į ɪŕ$IėHȍȉ &Ʌ,2 HR B5ɞŔȟȷǘÔ0ƬŦ/ȷƤȎ
ċÕ2/)&ɪŕ$IėHȍȉ &ˏ02ɞŔȟȷǘÔ1Żł0ċʉH&"-
ƁĭFEŕȉ§ƕHĈ@ ʃȴ/ƾɻH"E-Ŝɰ,E
 24 
 
 
 
 
 
 

        
(n=3) 72.0±3.3 73.0±3.5 80.0±5.5 83.0±2.3 80.0±2.8 74.0±4.5 76.0±2.5 79.0±1.3 76.0±2.8
 (n=29) 63.0±6.0 66.0±5.5 72.0±9.5 71.0±7.5 77.0±9.0 76.0±7.5 77.0±10.0 73.0±8.5 72.0±7.5 14 105.680 0
(n=3) 5.40±0.75 5.59±0.41 5.88±0.84 3.34±1.43 2.83±1.23 3.48±1.39 3.89±0.87 3.41±1.05 4.24±1.42
 (n=29) 4.31±0.40 5.06±0.70 4.01±1.0 3.73±0.50 3.78±0.80 3.80±0.80 3.67±0.60 3.99±1.10 3.78±0.70 1.4 23.684 0.003
(n=3) 6.07±0.80 6.78±0.73 5.11±0.75 3.10±0.85 3.17±1.32 2.83±1.09 3.33±0.98 3.67±1.16 5.73±1.12
 (n=29) 4.27±0.80 4.85±0.90 4.57±1.10 4.36±0.90 4.35±1.20 4.29±1.30 4.04±1.20 3.96±0.80 4.14±0.70 0.9 18.193 0.020
7.333

	n=32
 0 1 2
0.395
Data are median±QD LF: Low Frequency, HF: High Frequency, LF/HF: Ratio of LF and HF3Friedman
-!2.
3-./-.9+),*%
$ !&'"
-!2. p
#(	

HR (bpm)
11 12.597 0.126
lnLF (ms2)
3.1 8.800


0.359
lnHF (ms2)
4.0

        
0.0±0.0 0.0±12.5 30.0±21.3 25.0±12.5 30.0±6.3 10.0±15.0 17.5±3.8 20.0±2.5 10.0±10.0
15.0±25.0 16.0±26.3 27.5±25.0 30.0±25.0 30.0±20.0 17.0±25.0 20.0±25.0 25.0±20.0 17.5±18.0 15
70.0±2.5 40.0±13.8 100.0±20.0 40.0±17.5
70.5±15.6 45.0±24.4 65.0±22.5 65.0±20.0 25.5


Data are median±QD  LF: Low Frequency, HF: High Frequency, LF/HF: Ratio of LF and HF
712312!9/-0.(
'"#*+%!
		(VAS)
VAS)n=32
 4 5 6
(
1VAS2
&,	) (n=3) 30
&,	$ (n=29)

1VAS2
&,	) (n=3) 60
&,	$ (n=29)
!
        
$ $
+1
. (n=3) 26.5±0.3 27.0±0.3 27.0±0.3 27.0±0.3 27.0±0.3 27.0±0.5 26.0±0.3 27.0±0.3 26.0±0.0 1
+1
) (n=29) 26.0±1.0 26.0±0.0 26.0±0.5 26.0±0.0 26.0±0.5 26.0±0.5 26.0±0.5 26.0±0.5 26.0±0.0 0
+1
. (n=3) 74.0±0.5 71.0±3.5 68.0±3.8 71.0±4.5 67.0±5.3 69.0±6.0 72.0±6.3 71.0±4.5 73.0±5.8 7
+1
) (n=29) 62.5±11.5 62.0±12.5 60.0±12.0 62.0±11.0 62.0±12.0 62.0±11.5 58.0±14.1 58.0±12.0 54.0±11.5 8.5
+1
. (n=3) 405.0±0.0 111.5±41.5 30.0±30.5 95.0±61.0 45.0±38.3 75.0±72.3 42.0±21.5 76.0±21.0 38.0±22.8 375
+1
) (n=29) 181.0±153.3 38.0±6.0 40.0±18.5 213.0±133.0 36.0±13.0 167.0±140.5 39.0±9.0 149.0±88.5 39.0±8.5 177
+1
. (n=3) 36.8±0.0 41.1±1.3 46.6±4.1 51.1±8.3 46.7±2.7 43.5±3.1 47.0±1.7 50.0±5.8 42.1±2.5 14.3
+1
) (n=29) 44.7±2.9 41.9±3.0 45.1±3.1 51.9±5.5 46.2±5.1 46.0±5.4 45.0±4.3 47.7±7.4 43.0±2.3 10.0
Data are median±QD% LF: Low Frequency, HF: High Frequency, LF/HF: Ratio of LF and HF
=7	897	8&94253-,'(/0 *&
$=Mann-Whitny U, +1
. vs +1
), p<0.05
	
n=32
! !: !; !< 


7#8
768
7lx8
"7dB8

%
*	 !; p
 $3
0$5 1 6
0$ 2 23
7$31"
1 1 5
1(	 2 24
!2&
'7(:$3
0.254 0.536
0.462 0.476
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Evidence regarding nursing support for delirium prevention is currently insufficient. An evaluation of 
changes in autonomic nervous activity over time after surgery would elucidate the features of autonomic 
nervous activity in patients with delirium. These results could provide a basis for effective nursing 
intervention and timing for preventing the onset of delirium. Here, we aimed to obtain basic data on effective 
nursing interventions for preventing the onset of postoperative delirium. 
Heart rate variability was recorded during the morning and nighttime on the day before surgery until 
3 days postoperatively in elderly patients who underwent orthopedic surgery to investigate the manner in 
which heart rate and autonomic nervous activity changed over time. Data were collected over 11 months 
from July 2013 to November 2014. 
Surgical stress led to the maintenance of heart rate at a significantly higher value from the day of the 
surgery until postoperative day 3 compared to that before surgery. Moreover, the autonomic nervous 
activity remained unchanged during the morning, and it was significantly lower during the night from 
postoperative day 1 until postoperative day 3 than before the surgery. 
These results suggest that there is a decrease in parasympathetic nervous activity during the nighttime 
postoperatively. 
 
INTRODUCTION 
Owing to the aging of the population and advances in medical technology, the number of elderly individuals 
undergoing highly invasive surgical procedures is increasing in Japan. (1) Postoperative delirium is a commonly 
observed complication after surgery in elderly patients. Fong et al. (2) indicated that postoperative delirium occurs 
in 15–53% of surgical patients aged >65 years, and in 70–87% of elderly patients admitted to an intensive care 
unit (ICU). Whitlock et al. (3) reported that delirium is associated with an increased duration of mechanical 
ventilation and ICU and hospital stay, as well as functional decline. Furthermore, delirium has been found to be 
related to an increase in the mortality rate and medical costs. Delirium can also be problematic in terms of nursing 
care, as the corresponding cognitive decline can lead to accidents such as falls and tumbles, or the removal of lines 
(i.e., intravenous lines, surgical drains, or urethral catheters). The postoperative environment and postoperative 
medication regimen are usually adjusted to prevent delirium and promote earlier withdrawal. However, current 
evidence regarding nursing support for delirium prevention is currently insufficient (4). 
Circadian rhythm disorders (sleep disorders) are one of the main symptoms of delirium (5). Inouye et al. (6) 
adopted a six-item preventive intervention, including interventions for sleep deprivation and immobility, and they 
observed that the incidence of delirium was significantly lower in the intervention group than in the usual-care 
group. Moreover, Shigeta et al. (7) reported abnormal melatonin secretion in patients with delirium postoperatively. 
These studies indicated that changes in the life rhythm affect the onset and severity of delirium. Ono et al. (8) used 
bright light therapy and autonomic nervous activity as one of the indicators to verify its usefulness in patients after 
esophagectomy; they found that bright light therapy adjusted the sleep-wakefulness cycle, and they suggested that 
this therapy could also prevent delirium. On the basis of these findings, we hypothesized that the modulation of 
autonomic nervous activity is associated with delirium onset and severity.  
The measurement of heart rate variability (HRV) is useful for assessing the function of the autonomic nervous 
system and the staging of clinical diseases (9). Akselrod et al. (10) reported that HRV can be used to noninvasively 
assess the autonomic nervous system, and power spectrum analysis of HRV offers a quantitative evaluation of the 
functioning of the sympathetic and parasympathetic nervous systems, which are involved in short-term 
cardiovascular control. When an individual experiences surgical stress, the sympathetic nerves are stimulated to 
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maintain the body’s homeostatic balance. Due to such stimulation, the heart rate (HR) increases and peripheral 
vasoconstriction occurs, which consequently increases the blood pressure (11). Furthermore, aging has been found 
to be associated with a decrease in cardiac vagal activity (12) as well as a reduction in the amplitude of HRV 
(13,14). Therefore, we think that elderly individuals would be more likely to experience an imbalance in autonomic 
nervous activity because of surgical stress and to develop dysautonomia symptoms such as irritability and insomnia. 
Several studies have described the conditions underlying postoperative autonomic neuropathy. Zang et al. (15) 
reported that nighttime autonomic nervous activity on postoperative day 1 and day 2 in elderly patients was 
significantly lower than that preoperatively. Hansen et al. (16) also described a decrease in nighttime 
parasympathetic nervous activity after breast cancer surgery. However, these studies only investigated the 
condition during the nighttime, and to our knowledge, no study has conducted a continuous observation during the 
daytime as well. 
An evaluation of changes in autonomic nervous activity over time after surgery can help elucidate the features 
of autonomic nervous activity in patients with delirium. The results could also provide a basis for effective nursing 
intervention and timing of the intervention to prevent delirium onset. Here, we aimed to clarify changes in the HR 
and autonomic nervous activity over time in elderly patients who have undergone orthopedic surgery. 
 
MATERIALS AND METHODS 
Participants 
We enrolled 49 subjects hospitalized in the orthopedic ward of hospital A; they were aged !65 years and were 
scheduled to undergo total knee arthroplasty, unicompartmental knee arthroplasty, total hip arthroplasty, or spinal 
surgery. 
Patients taking "-blockers, patients with a cerebrovascular disease (in cases of autonomic neuropathy), and 
patients diagnosed as having diabetes were excluded from the present study, as these conditions would affect their 
autonomic nervous activity. Additionally, patients who found it difficult to follow instructions (e.g., those with 
dementia) were also excluded. Informed consent was obtained from all patients before study participation. 
 
Setting 
Data were collected over 11 months from July 2013 to November 2014. As postoperative delirium peaked 
between 1 and 3 days postoperatively, as reported by Whitlock et al. (3), we performed the survey 1 day before, 
on the day of, and 3 days postoperatively. 
 
Data collection 
Electrocardiography (ECG) recordings (FX-8222, CardiMax, Fukuda Denshi, Japan) were obtained for 200 
heartbeats by using a lead II channel system. The average HR and R-R intervals were calculated from the ECG 
findings. Spectral analysis of HRV was performed by using the fast Fourier transform system (LabVIEW, National 
Instruments, Tokyo, Japan). The spectral bands used were 0.15–0.40 Hz (high-frequency component; HF) and 
0.04–0.15 Hz (low-frequency component; LF). Considering the burden the measurements would place on the 
patients, we used an intermittent measurement method. 
The investigators (nurses) visited patients twice per day at 10:00 and 20:00. Measurements were performed in 
the patient’s room while the patients were placed in the decubitus position, after approximately 15 minutes of bed 
rest. Subjects abstained from consuming beverages containing caffeine for at least 3 hours before the 
measurements were taken, and the measurements were performed at an interval of at least 2 hours after a meal was 
consumed. To ensure that the assessment distinguished cardiac vagal activity from sympathetic nervous activity, 
the respiratory rate was simultaneously confirmed to be at least 9/min (or a frequency of at least 0.15 Hz, which is 
the limiting transmittable frequency for sympathetic nerves). During the measurement, the air temperature and 
humidity were similar to those in the in-hospital environment; the sound and lighting conditions during each 
measurement were recorded. 
As LF and HF data are not normally distributed, data were converted into the natural logarithm (ln) before 
analysis. Pomeranz et al. (17) found that the LF component represents the activity of the sympathetic and 
parasympathetic nervous system, whereas the HF component represents the activity of the parasympathetic 
nervous system alone. The maximum variation was determined by subtracting the minimum value (mean value) 
from the maximum value (mean value), which also indicates the fluctuation range. 
 
Patients’ background 
Delirium was defined using the Japanese version of the NEECHAM confusion scale (18). Nurses performed 
assessments for delirium during routine nursing care. In addition, sleep satisfaction and perceived pain were 
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assessed by using the Visual Analog Scale by the investigators (nurses). Sleep satisfaction was measured at 10:00. 
Delirium and perceived pain were measured at 10:00 and 20:00. 
Information on patients’ age, sex, anamnesis, diagnoses, and surgical procedures were collected from the their 
medical records. 
 
Data analysis 
Repeated-measures analysis of variance (ANOVA; F-value) was used to investigate the manner in which HR 
and autonomic nervous activity changed over time postoperatively. The Mauchly sphericity test was also 
conducted to verify the equality of variance for the ANOVA; if a significant result was found, the Greenhouse-
Geisser correction was applied. In addition, the Tukey test was used for post hoc analysis. IBM SPSS, version 21 
for Windows (IBM Corp., Armonk, NY, USA) was used to perform statistical analysis, and the level of 
significance was set at 5%. 
 
Ethical considerations 
The present study was approved by the ethics committee of the Kobe University Graduate School of Health 
Sciences (approval number: 227). The protocol followed the guidelines of the Declaration of Helsinki. Permission 
was obtained from attending physicians regarding patients’ suitability for study participation. After providing the 
subjects with verbal and written explanations of the study objectives and research methods, written consent was 
obtained. The survey was conducted in coordination with the nurses to avoid interfering with rehabilitation, 
examination, and other aspects of patient therapy. 
 
RESULTS 
Patients’ demographic and clinical characteristics 
Table I presents data on patients’ demographic and clinical characteristics. Forty-nine patients provided 
informed consent and were permitted by their primary physician to participate in this study. Of 49 patients, we 
excluded 4 with diabetes and 13 with missing values. Thus, 32 patients were included in the final analysis. Patients’ 
mean age was 74.4 ± 5.7 years (9 men and 23 women), and their average body mass index was 24.8 ± 3.0 kg/m2. 
Of all the subjects, 3 had delirium. All patients were treated with routine pain medication. 
 
Changes in HR and autonomic nervous activity over time in elderly patients after orthopedic surgery 
Table II indicates changes in the HR and autonomic nervous activity over time in elderly patients who had 
undergone orthopedic surgery. The HR increased from the night before the surgery (65.6 ± 7.4 beats/min) to the 
night on the day of surgery (73.0 ± 10.8 beats/min); the HR continued to gradually increase thereafter, and it 
peaked on the night of postoperative day 2 (79.6 ± 12.4 beats/min) and then gradually decreased. The change in 
HR from before the surgery to 3 days postoperatively was significant (F = 25.592, p < 0.001), and the HR was 
significantly higher from the night of the day of surgery until the night of postoperative day 3 than before the 
surgery (p < 0.001). The lnLF increased and peaked from the morning before the surgery (4.4 ± 1.2 ms2) to the 
night before the surgery (4.9 ± 1.3 ms2), after which it remained constant at a lower value than that before the 
surgery. The change in lnLF from before the surgery to 3 days after the surgery was significant (F = 4.151, p < 
0.001), and the lnLF values were significantly lower from the morning of postoperative day 1 until the night of 
postoperative day 3 than on the night before the surgery (p = 0.001–0.028). The lnHF also increased and peaked 
from the morning before the surgery (4.5 ± 1.3 ms2) to the night before the surgery (4.9 ± 1.4 ms2), and then it 
remained constant at a lower value than that before the surgery; however, the difference in the lnHF values during 
this period was not significant (F = 1.401, p = 0.197). 
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Table II. Changes in heart rate and autonomic nervous activity from before surgery to postoperative day 3 in 
elderly patients who had undergone orthopedic surgery 
 
 
Data are presented as a mean ± standard deviation. HR, heart rate; lnLF, natural log of low frequency values; lnHF, 
natural log of high frequency values; POD, postoperative day; Max variation: maximum value (mean) – minimum 
value (mean). 
Total (n = 32)
Age (years) Mean 74.4
SD 5.7
Sex (male/female) 9/23
Body mass index (kg/m2) Mean 24.8
SD 3
Body temperature (°C) Mean 36.3
SD 0.6
bSBP (mmHg) Mean 117.7
SD 13.5
bDBP (mmHg) Mean 62.6
SD 6.8
Hb (g/dL) Mean 12.4
SD 1.3
WBC (!102/µL) Mean 54.5
SD 11.4
CRP (mg/dL) Mean 0.129
SD 0.142
Surgical procedure
TKA and UKA 11
THA 10
Spinal surgery 11
Duration of anesthesia (min) Mean 224.2
SD 82.8
Mean 314.4
SD 285.3
Delirium
Yes 3
No 29
Table I. Patients’ demographic and clinical characteristics
Notes:TKA=total knee arthroplasty,
UKA=unicompartmental knee arthroplasty,
THA=total hip arthroplasty,
bSBP=brachial systolic blood pressure,
bDBP=brachial diastolic blood pressure,
Hb=hemoglobin, WBC=white blood cell,
CRP=C-reactive protein
Drainage volume (mL)
Surgery day
Morning Night Night Morning Night Morning Night Morning Night
66.3 ± 8.4 65.6 ± 7.4 73.0 ± 10.8 74.9 ± 10.1 78.7 ± 12.3 77.9 ± 12.3 79.6 ± 12.4 75.4 ± 10.7 75.3 ± 10.6 14 25.592 0
4.4 ± 1.2 4.9 ± 1.3 4.3 ± 1.4 4.0 ± 1.2 4.0 ± 1.3 3.9 ± 1.5 3.8 ± 1.1 4.1 ± 1.4 4.0 ± 1.3 1.1 4.151 0
4.5 ± 1.3 4.8 ± 1.4 4.6 ± 1.4 4.3 ± 1.4 4.3 ± 1.8 4.3 ± 1.8 4.1 ± 1.7 4.4 ± 1.5 4.2 ± 1.4 0.7 1.401 0.197
HR (bpm)
lnLF (ms2)
lnHF (ms2)
p valueF valueMaxvariation
Preoperative day POD1 POD2 POD3
HEART RATE VARIABILITY AFTER ORTHOPEDIC SURGERY  
5 
Changes in the HR and autonomic nervous activity during the morning and nighttime 
Figure 1 indicates changes in the HR during the morning and nighttime. The HR was significantly higher after 
the surgery than before the surgery during the morning and nighttime (p < 0.001). The lnLF values in the morning 
were not significantly different before surgery and after surgery. However, the lnLF values during the nighttime 
were significantly lower on postoperative day 1 (p = 0.003), postoperative day 2 (p < 0.001), and postoperative 
day 3 (p = 0.002) than before the surgery (Figure 2). The lnHF values during the morning and nighttime did not 
significantly change before the surgery and after the surgery. 
 
 
 
 
Figure 1. Changes in the HR during the morning and nighttime. 
Data are presented as a mean ± standard deviation. POD: postoperative day; HR: heart rate. 
*p < 0.01 according to the Tukey post hoc test. 
 
 
 
Figure 2. Changes in the lnLF values during the morning and nighttime. 
Data are presented as a mean ± standard deviation. POD: postoperative day; lnLF, natural log of low frequency.  
*p < 0.01 according to the Tukey post hoc test. 
 
DISCUSSION 
Our results indicated the following 2 points regarding changes in the HR and autonomic nervous activity in 
these patients. (1) The HR was significantly higher from the night of the day of surgery until postoperative day 3 
than before surgery. (2) Autonomic nervous activity in the morning remained unchanged from the period before 
surgery compared to the period after surgery. However, the autonomic nervous activity during the nighttime was 
significantly lower from postoperative day 1 to postoperative day 3 than before the surgery. 
With regard to the aforementioned first point, patients usually experience an increase in HR postoperatively, 
as this ensures better perfusion of vital organs such as the brain, heart, and skeletal muscles (11). Hence, the 
increase in HR postoperatively in the present study is reasonable, and it may represent a biological response to 
surgical stress. However, further examination is needed to elucidate the relationship between postoperative pain 
or the side effects of medication and HR. 
The significantly lower postoperative lnLF values suggest that after surgery, patients experienced a functional 
decline in autonomic nervous activity. Zhang et al. (15) measured autonomic nervous activity on the day before 
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the surgery, postoperative day 1, and postoperative day 2 from 11:00 pm to 7:00 am on the following day to clarify 
differences in autonomic nervous activity among elderly patients after surgery according to the presence of 
diabetes. The authors found that the lnLF values on postoperative day 1 were significantly lower than before the 
surgery, regardless of the presence of diabetes. Thus, our study was consistent with their result and extended to 
that autonomic nervous activity declines until postoperative day 3 than before surgery. As aforementioned, 
Pomeranz et al. (17) reported that the LF component reflects sympathetic and parasympathetic modulation, 
whereas the HF component only represents parasympathetic modulation. In the present study, the significant 
decrease in lnLF values during the nighttime after the surgery could be attributed to a decrease in parasympathetic 
nervous activity, based on the following two points. First, the HR was significantly higher postoperatively in the 
present study. Second, nighttime parasympathetic nervous activity is significantly reduced postoperatively 
compared to preoperatively (15,16). However, in the current study, no significant decrease in parasympathetic 
nervous activity was observed. We think that the main effect of respiration on parasympathetic nervous activity 
may contribute to this finding (12), in other words parasympathetic nervous activity is often influenced by 
respiration, therefore, using controlled breathing might be more suitable for evaluation of parasympathetic nervous 
activity. However, it is impractical to regulate the respiration of patients postoperatively, as the difficulty of 
precisely measuring parasympathetic nervous activity remains a main limitation of the present study. 
In our study, the autonomic nervous activity decreased during the night time, whereas there was no change in 
the morning. The mechanism of this result remains unclear, however a possible explanation is as follows. In the 
morning, sympathetic nervous activity dominates, resulting in the decrease of parasympathetic nervous activity. 
This dominance of sympathetic nervous activity might contribute to the no change in autonomic nervous activity 
in the morning. Further investigation is needed. 
The present study also has five limitations. First, we only included subjects who underwent orthopedic surgery 
with minimal impact on autonomic nervous activity. Hence, only a limited number of subjects could be enrolled 
in the present study. Second, we did not consider the differences of surgical invasiveness about patients' surgical 
procedures; TKA, UKA, THA, and spinal surgery. Third, although anemia from surgery affects postoperative heart 
rate, we have no data regarding blood transfusion. Fourth, considering the burden on the patients, we used an 
intermittent measurement method; however, as a result, we were unable to obtain continuous data. Fifth, we did 
not consider the effect of medications taken during the perioperative period. 
In future studies, we recommend the continuous measurement of autonomic nervous activity to clarify the 
changes in this parameter, along with evaluating these changes based on patients’ sleep satisfaction and perceived 
pain, and the presence or absence of delirium or its severity.  
 
Conclusions 
Our findings indicate that surgical stress leads to the maintenance of the HR at a significantly higher value 
than that before surgery, from the day of the surgery until postoperative day 3. We also found that the autonomic 
nervous activity remained unchanged in the morning compared to before surgery, but it was significantly lower 
during the nighttime than before surgery, from postoperative day 1 until postoperative day 3. These results suggest 
that there is a decrease in parasympathetic nervous activity during the nighttime postoperatively. 
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